Abstract: It has been argued in the literature that financial markets with a Confucian background tend to exhibit herding behaviour, or correlated behavioural patterns in individuals. This paper applies the return dispersion model to investigate financial herding behaviour by examining index returns from the stock markets in China and Taiwan. The sample period is from 1 January 1999 to 31 December 2014, and the data were obtained from Thomson Reuters Datastream. Although the sample period finishes in 2014, the data are more than sufficient to test the three hypotheses relating to the stock markets in China and Taiwan, both of which have Confucian cultures. The empirical results demonstrate significant herding behaviour under both general and specified markets conditions, including bull and bear markets, and high-low trading volume states. This paper contributes to the herding literature by examining three different hypotheses regarding the stock markets in China and Taiwan, and showing that there is empirical support for these hypotheses.
Introduction
Herding is typically associated with a correlated behavioural pattern across individuals, and hence represents human behaviour that mimics the actions of other individuals. Numerous studies have emphasised that herding behaviour can be rational as well as irrational. Moreover, there are alternative types of such behaviour, such as information-based, reputation-based, compensation-based, and spurious herding forms [1, 2] .
Sequential decision theory states that each trader observes decisions made by others in making their own decisions. This is rational as the decisions of others can include useful information [3] [4] [5] [6] [7] [8] [9] [10] .
This paper is concerned with the stock markets of China and Taiwan. Stock markets in China provide an interesting insight for the analysis of herding behaviour. Since the establishment of the Shanghai Stock Exchange and the Shenzhen Stock Exchange in December 1990, two classes of shares have been issued, namely: (i) A-shares, which can be purchased and traded only by Chinese domestic investors, and are denominated in the local currency, the Renminbi; and (ii) B-shares, which were sold only to foreign investors before February 2001, after which they have been sold to both foreign and domestic investors. A-shares and B-shares are traded simultaneously on the Shanghai and Shenzhen exchanges.
The characteristics of investors of A-shares and B-shares are very different. A-shares are used by domestic individuals, who typically lack significant knowledge and experience in financial investments. The market for B-shares is dominated by foreign institutional investors, who tend to be more knowledgeable and sophisticated than A-share investors. The different characteristics of A-share and B-share investors may result in differences in the level of herding in each market, especially as the A-share market is relatively immature compared to its B-share counterparts [1, 11, 12] .
Having been established in 1961, which is much earlier than the creation of the stock markets in China, the Taiwan stock market is dominated by domestic individual investors, rather than institutional and foreign investors. Most individual investors tend to have less professional knowledge and cannot access information accurately and easily. However, there has been an increasing interest in the Taiwan stock market by foreign investors in recent years, following the lifting of trading restrictions on qualified foreign institutional investors in 2000 [13, 14] .
In a market that is dominated by domestic individual investors with limited access to information, it might be argued that the resulting information asymmetry would lead such individual investors to follow the actions of other investors, with the latter including more well-informed domestic and foreign institutional investors. Despite being what might be described as an emerging market, the Taiwan stock market is nevertheless highly developed (for further details, see Ref. [15] ).
Moreover, a common characteristic of the stock markets in China and Taiwan is that they arise from Chinese culture, where Confucian management philosophy has been dominant. In this context, Ref. [16, 17] argue that Confucian markets tend to exhibit herding behaviour.
This study has two main contributions to herding literature. First, in addition to Confucian culture, these markets have specific common and contradictory characteristics; specifically, both are Chinese societies, though one has a free market economy under democratic governance, while the other has a market economy supervised under a communist regime. Furthermore, Taiwan is one of the four Tiger economies, whereas China has become the second largest economy in the world. Therefore, we feel that it is worth discussing and comparing these two markets. Second, the paper uses daily trading data covering a period of 16 years.
Although stock markets can and do differ across those that have a Confucian culture and those that do not, the primary purpose of this paper is to compare the stock markets in China and Taiwan, both of which have Confucian cultures. The issue of a control group would be important if the paper were to compare stock markets in countries that have a Confucian culture and those that do not.
For these reasons, this paper examines whether herding exists for China and Taiwan under both general and specific markets conditions, including bull and bear markets, and high-low trading volumes states.
The remainder of the paper is presented as follows. A literature review is given in Section 2. Methodological issues and the data to be used in the empirical analysis are discussed in Section 3, including the cross-sectional standard deviation model, the cross-sectional absolute deviation model, herding in up and down markets, and herding in high and low trading volumes. Three hypotheses are presented in Section 4, namely, whether herding exists in China and Taiwan, the existence of asymmetric herding in bull and bear markets, and also in high and low trading volumes. The empirical analysis is conducted in Section 5, where the outcomes of testing the three hypotheses are analysed. Some concluding remarks are given in Section 6.
Literature Review
Parts of the review follow the presentation in Ref. [5, 18] examine herding in several international markets, specifically the USA, Hong Kong, Japan, South Korea, and Taiwan, by using daily stock price data from January 1963 to December 1997. The authors use the cross-sectional absolute deviation method, as an extension of Ref. [19] . They find no evidence of herding from the US and Hong Kong markets, and only a small amount from Japan. However, they find significant herding from the markets in South Korea and Taiwan.
The authors also find that macroeconomic information affects the formation of herding behaviour more significantly than firm-specific information. Furthermore, they suggest that stock return dispersion, as a function of market returns, is greater in up markets than in down markets. They also test the model suggested by Ref. [19] and find herding only for the Taiwan market.
Using the model of Ref. [5, 12] find evidence of herding behaviour in Chinese A-shares. Owing to issues relating to the acquisition of accurate estimates of beta, as suggested in Ref. [5] , the authors use the standard deviation in estimating the return dispersion, as in Ref. [12, 19] also test the asymmetric impact of herding behaviour by varying returns, trading volumes, and volatility. They find herding behaviour in A-shares in the Shanghai market under rising market circumstances, with high volumes of trading of stocks and volatility. However, they find no evidence of herding in B-shares.
The main participants of A-share markets, which are considered as frontier markets, are local investors, who tend to lack sufficient talent and experience in finance. Investors in B-share markets, which are considered as emerging markets, are primarily foreigners with greater skills and knowledge of finance than investors in A-shares. For these reasons, Tan et al. [12] argue that the differences between A-shares and B-shares may affect the variance in herding. The authors also test herding and the cross-market information effect, but find no evidence of herding. Accordingly, the dissimilarity can be explained due to differences in the samples.
Lin and Swanson [20] also examine herding behaviour in the Taiwan stock market for 1996-2003, using one of the methods discussed in this paper. However, the authors focus only on foreign investors and the most liquid stocks, without classifying them into sectoral groups. They find no evidence to support the proposition that foreign investors display herding behaviour in this market. Lin et al. [21] examine daily trading data by foreign and domestic institutional investors for the fifty stocks that are most actively traded by institutional investors in Taiwan. The authors find the herding tendencies of stocks to be more prominent for small capitalized stocks with high share turnovers and high return volatility, thereby suggesting that market conditions and firm characteristics are significant factors driving herding behaviour.
Using buying and selling volume data, Chen, Wang, and Lin [13] find that qualified foreign institutional investors demonstrate herding behaviour in the Taiwan stock market. The authors show that industry effects, in addition to firm characteristics such as high previous returns and large market capitalization, explain the herding behaviour of foreign institutional investors.
Demirer, Kutan, and Chen [22] measure herding behaviour with daily data regarding stock returns for 689 stocks on the Taiwan Stock Exchange from January 1995 to December 2006. The authors use the models of Ref. [4, 19] in addition to state space models. They find no evidence of herding in the model of Ref. [19] , but find significant evidence in the non-linear model of Ref. [4] and the state space-based models in Ref. [23] . The authors also find that herding behaviour is stronger during periods of market losses than market gains.
Consequently, this paper suggests that investors need more diversified opportunities in periods of market losses. The authors emphasise the following in their analysis: (i) interesting and novel empirical results for an emerging yet relatively sophisticated Taiwan stock market at the sectoral level with firm-level data; (ii) an application of different models; and (iii) an analysis of the practical implications of different herding measures for investors who face both systematic and unexpected risks.
Yao, Ma, and He [24] measure the existence of herding behaviour in the China A-share and B-share markets. They use daily and weekly firm-level and market-level data of equity prices for all firms and indexes that are listed on the Shanghai Stock Exchange and the Shenzhen Stock Exchange from January 1999 to December 2008. Monthly data are also collected for all firms included in the data set. For the empirical analysis in testing herding behaviour, the authors use a modified version of the models of Ref. [4, 19] .
The empirical results show that herding behaviour is heterogeneous, so that herding is stronger in Chinese B-shares. In addition, the authors find that cross-market herding behaviour is stronger at the industry level, for the largest and smallest stocks, and for growth stocks relative to value stocks. The empirical results show that herding behaviour is greater when share prices are declining. Finally, the authors find that herding behaviour is affected by the regulatory reforms in China that are intended to increase investment efficiency.
In exploring the determinants of investment decision-making in international stock markets, Chang and Lin [16] analyse herding in daily market returns data and industrial index data for 50 stock markets for the cross-sectional absolute deviation of returns. The analysis uses an extended version of the model in Ref. [4] . In order to investigate the influence of culture on herding behaviour, the authors examine the Hofstede national culture indexes for the empirical analysis. In order to test behavioural pitfalls on the herding tendency, the authors use daily data of price-to-book ratios as proxies for excessive optimism, and daily trading volumes data are used as proxies for overconfidence and disposition.
The data set ranges from January 1965 to July 2011. The authors argue that their research examines the effects of culture and behavioural pitfalls in investments, and show that herding is exhibited in Confucian, as well as in less sophisticated stock markets. Moreover, the authors find that some cultural indexes have a high degree of correlation with herding behaviour.
Methodology and Data

Data
Ref. [12, 19] find that the average cross-sectional absolute deviation (CSAD) calculated with the use of daily data is smaller than with the use of weekly or monthly data. This difference reflects the fact that, with weekly or monthly data, individual returns have a greater opportunity to stray further from the mean. Consequently, herding is less likely to be detected with weekly or monthly data. For this reason, this paper uses daily stock returns data for all firms on the Shanghai Stock Exchange (SSE), the Shenzhen Stock Exchange (SZSE), and the Taiwan Stock Exchange.
There are 425 Shanghai A-share firms (SHA) and 50 Shanghai B-share firms (SHB) at the SSE, 415 Shenzhen A-share firms (SZA) and 45 Shenzhen B-share firms (SZB) at the SZSE, and 455 firms comprising the Taiwan Capitalization Weighted Stock Index (TAIEX). In addition, we use daily index price data in each corresponding market. The data period spans from 1 January 1999 to 1 January 2015. A-share markets are considered as frontier markets, while both B-share markets and TAIEX are classified as emerging markets. The data are obtained from the Thomson Reuters Datastream database. The simple return method is used to calculate market returns and stock returns.
Methodology
The return dispersion method is a widely-used approach in most herding studies because it is a reliable method to measure herding behaviour. In the following subsections, we discuss several return dispersion models that are used in this paper.
Cross-Sectional Standard Deviation Model
Ref. [4, 19] use individual stock returns and market returns to detect herding behaviour. Christie and Huang [19] propose the following cross-sectional standard deviation (CSSD) model to detect herding behaviour:
where
at time t is the cross-sectional standard deviation; D L t is a dummy variable of unity when market returns at t lie in the extreme lower tail returns, and zero otherwise; D U t is a dummy variable of one when market returns at t lie in the extreme upper tail returns, and zero otherwise; α is a constant, both β L and β U are coefficients of D L t and D U t , respectively; ε t is a random error term; N is the number of firms; and R i,t and R m,t are individual stock returns of stock i and market returns, respectively.
The model argues that if herding occurs when market returns lie in the extreme lower tail returns, then the estimate of β L will be significantly negative. On the other hand, if herding occurs when market returns lie in the extreme upper tail returns, then the estimate of β U will be significantly negative.
Cross-Sectional Absolute Deviation Model
One of the challenges associated with the CSSD model is that it must define extreme returns. Arguing that the definition in the CSSD model is arbitrary, Christie and Huang [19] suggest using 1% and 5% as the cut-off points of the upper and lower tails of returns. In practice, investors may have different opinions regarding extreme returns, and it is possible that the returns will change dynamically.
In addition, herding behaviour may occur for the return distribution, but become more pronounced with market stress. Consequently, Christie and Huang [19] suggest that herding might be captured only for extreme returns. Ref. [4, 25] suggest that Christie and Huang's [19] approach is too stringent to discover any empirical evidence of herding.
Herding Behaviour
Ref. [4, 12, 25] suggest using the following cross-sectional absolute deviation (CSAD) model:
to facilitate the detection of herding for all returns where, at time t, the cross-sectional absolute deviation given by:
is a measure of the average absolute return dispersion from R m,t to measure the return dispersion, and |R m,t | and R i,t are the absolute value of market returns and individual stock returns of stock i, respectively. If one analyses more than one financial market, it is possible to use the following model:
where, for market i at time t, CSAD i,t is the return dispersion calculated according to Equation (2), α is a constant, |R i,m,t | is the absolute value of market returns, (R i,m,t ) 2 is the squared value of market returns, and ε i,t is a random error term.
Herding Behaviour in Up and Down Markets
As the direction of market returns may affect investor behaviour, it is sensible to examine whether there is any asymmetry in herding behaviour, conditional on the market rising or falling. The herding regression model is estimated separately for positive and negative market returns. Specifically, the two-equation system can be written as:
where, for market i at t, CSAD UP i,t is the return dispersion when markets rise, α is a constant, R UP i,m,t is the absolute value of market returns when the market rises, R UP i,m,t 2 is the squared value of market returns when the market rises, and ε i,t is a random error term. Variables with the superscript DOWN in Equation (5) refer to market falls. The variable CSAD i,t for each market in Equations (4) and (5) is defined in Equation (2) . A negative and significant estimated coefficient γ UP 2 or γ DOW N 2 would indicate the presence of herding.
Herding Behaviour in High and Low Trading Volumes
The level of herding behaviour may be associated with the trading volume. For this reason, it is possible to examine any asymmetric effects during periods of high and low trading volume. The trading volume is given the superscript HIGH if the trading volume on day t is greater than the moving average for the previous 30 days. The trading volume is given the superscript LOW if it is less than the moving average for the previous 30 days. We also checked moving averages for periods of 7 and 90 days.
The empirical results of this paper are different from those in Tan et al. (2008), who use longer time periods of 60, 90, and 120 days. We used shorter time periods because many studies (for example, Chang et al. [4] suggest that the sentiment of investors typically occurs in a relatively short period of time. Therefore, we tested the following empirical models:
where, in market i at t, CSAD is the squared value of market returns when the trading volume is high, and ε i,t is a random error term.
Similarly, variables with the superscript TV-LOW refer to low trading volumes, where the superscript TV refers to trading volume. The variable CSAD i,t in Equations (6) and (7) is calculated using Equation (2) . A negative and statistically significant estimated coefficient γ
would indicate herding.
Three Hypotheses of Herding Behaviour
There are three hypotheses regarding herding behaviour that will be tested in this paper. They are discussed separately in the following subsections.
First Hypothesis
Theoreticians and practitioners alike believe that there is herding behaviour in stock markets. It is hypothesised that this phenomenon also holds for the China and Taiwan stock markets. Therefore, we present the following hypothesis to test whether any herding exists in stocks in China and Taiwan: Hypothesis 1. Herding behaviour exists in the stock markets in China and Taiwan.
We note that there are different factors that may induce herding behaviour, including a high degree of government involvement in equity markets and heavy interest rate intervention by the central bank.
In this paper, we use Equation (8) to test Hypothesis 1. A negative and statistically significant estimated coefficient γ 2 would indicate herding. We note that γ 1 in Equation (3) [and also in Equation (2) cannot be used to test Hypothesis 1. However, γ 1 is positive, implying that there is a linear relationship between the cross-sectional absolute deviation of returns, CSAD t , and |R i,m,t |. In addition, from Equation (3), we have a quadratic function for CSAD t and |R i,m,t |:
where CSAD t reaches its maximum value when:
If |R i,m,t | increases when the realised average daily returns in absolute terms are less than |R i,m,t | * , CSAD t is still associated with an increasing trend. However, as |R i,m,t | exceeds |R i,m,t | * , then CSAD starts to increase at a decreasing rate, which is captured by a negative and significant estimated coefficient γ 2 . Therefore, the non-linear relationship between the market returns and the return dispersion would indicate herding behaviour. For this reason, a non-linear market return (R i,m,t ) 2 is included in the equation. However, if market participants tend to follow aggregate market behaviour and ignore their own priors during periods of large average price movements, then the linear and increasing relation between dispersion and market returns will no longer hold. Instead, the proposed relationship could increase non-linearly, or even decrease non-linearly. The empirical model builds on this intuition.
Second Hypothesis
It is well-known that stock markets perform differently in bull runs and bear markets [26, 27] . Some studies, for example, Ref. [28] , have found that herding behaviour can be different in bull runs and bear markets. It is common (see Ref. [29, 30] ) for the negative fear of potential loss when the market crashes to exceed the positive effects of potential gains under market booms. McQueen, Pinegar, and Thorley [31] claim that this is because while all stocks tend to respond quickly to negative macroeconomic news, small stocks tend to be slow in reacting to positive news.
As positive news often entails an increase in stock prices, a slow reaction implies a delay in reacting to good news. Therefore, herding is more pronounced during market downturns than upturns [24, 28, 32] .
It is hypothesised that these phenomena also hold for the stock markets in China and Taiwan. Consequently, we propose the following hypothesis to test whether investors tend to display herding behaviour more in downturns than upturns: Hypothesis 2. Asymmetric herding behaviour exists in the stock markets in both China and Taiwan during bull and bear markets. cannot be used to test Hypothesis 2, according to which herding exists in both bull and bear markets.
Third Hypothesis
It is also well-known (see Ref. [33] ) that stock returns depend on the magnitude of the trading volume. In addition, the relationship between stock returns and trading volume is different for different levels of herding behaviour under alternative market conditions [24, 34] .
It is hypothesised that these phenomena also hold for the stock markets in China and Taiwan. Therefore, we propose the following hypothesis to test whether the level of herding behaviour is associated with trading volume: Hypothesis 3. Asymmetric herding behaviour exists in the stock markets in both China and Taiwan in high and low trading volumes.
We confirm Hypothesis 3 that herding exists in the high and low volatility states of the stock markets in China and Taiwan if the estimated coefficients γ in Equations (6) and (7) cannot be used to test Hypothesis 3, according to which herding exists in high and low volatility states in the stock markets in China and Taiwan.
Empirical Analysis
Descriptive Statistics
This paper applies the CSAD return dispersion model, as given in Equations (2)-(7), and tests Hypotheses 1-3 to investigate whether there is any herding behaviour by examining the index returns from the stock markets in China and Taiwan. In order to do so, we first estimated the univariate descriptive statistics for the return dispersion and market returns of the markets in China and Taiwan. By definition, CSAD takes on a minimum value of zero when all individual stock returns move in perfect unison with the market, and increases when the returns of individual stocks deviate from the market returns. Table 1 shows the descriptive statistics of market returns and CSAD return dispersions for the stock markets in both China and Taiwan. The average daily returns range from a low of 0.0129% for the TAIEX market to a high of 0.0899% for the SZB market. Daily returns of B-share markets consistently have higher mean values than those of A-shares markets, along with higher standard deviations. This evidence is consistent with the findings in Chang et al. (2000) and Tan et al. (2008) in that, in more well-developed markets, the greater the mean values of market returns and the higher the volatility.
The lowest daily returns (−9.780) were observed on 6 August 2001 in the SHB market, while the second lowest minimum daily returns (−9.493) were observed on 6 July 1999 in the SZB market. Maximum daily returns also occurred around the same time. The lowest and highest daily returns were observed in the B-share markets as the B-shares were made accessible to foreign investors from February 2001.
The descriptive statistics show that the mean values of CSAD for A-shares are consistently higher than those of B-shares, and are also accompanied by higher standard deviations. Chiang and Zheng [35] argue that higher standard deviations in similar markets suggest that the markets had unusual cross-sectional variations due to unexpected news or shocks. The TAIEX market also has a relatively high mean returns dispersion, which is accompanied by the lowest standard deviation.
This observation is consistent with the herding behaviour according to which investors in the TAIEX market are more likely to react efficiently to news and diverse shocks. One explanation is that sophisticated investors in emerging markets have more information and analytical tools that allow them to assess and reallocate their investments, thereby leading to a higher dispersion of stock returns and lower standard deviations. Note: CSAD is defined as cross-sectional absolute deviation. R m is the market return. SHA, SHB, SZA, SZB, and TAIEX are stated in Section 4.1. ***, **, and * represent statistical significance at the 1%, 5%, and 10% levels, respectively.
In addition to the above results, Ref. [25, 31] argue that investors may fear potential losses in downturns more than they enjoy potential gains in upturns. This proposition leads investors to display herding behaviour. The consequence is a reduction in the returns dispersion. The empirical findings in this paper are consistent with such an argument.
The stationarity of the measures of the returns dispersion is evaluated through the implementation of the Augmented Dickey-Fuller (ADF) test. As all the series are found to be stationary, we do not report details of the ADF test results. After reviewing the relevant literature, we have developed the three hypotheses presented in Section 4 to test whether the stock markets in China and Taiwan exhibit herding under different conditions. We discuss each of the hypotheses in the following subsections.
Testing Herding Behaviour (H1)
In order to test the first proposed hypothesis as to whether there is any herding behaviour in the stock markets in both China and Taiwan, we examined whether the estimated coefficients in Equation (3) are significantly less than zero, as discussed in Section 4.1. The empirical findings are reported in Table 2 . According to the definition of the empirical model in Equation (3), a negative and statistically significant estimated coefficient γ 2 would indicate the presence of herding. Notes: Numbers in parentheses are t-statistics from Ref. [36] consistent standard errors. ***, **, and * represent statistical significance at the 1%, 5%, and 10% levels, respectively. This table reports the results of the estimation of the empirical model in Equation (3): Table 2 shows that the estimates of γ 2 are significantly negative in all markets at the 1% level, thereby supporting the first hypothesis and suggesting that there is strong herding behaviour in the Taiwan stock index, TAIEX, and all the Chinese stock indexes, including SHA, SHB, SZA, and SZB. The empirical findings do not reject Hypothesis 1, thereby suggesting that there is significant herding behaviour in the SHB, SZB, and TAIEX stock markets, which are emerging markets. These results are consistent with the empirical findings in Ref. [4, 12, 16] .
The coefficients on the linear component of |R i,m,t | are positive and significant, thereby indicating that there is both a significant and positive linear relationship between CSAD i,t and |R i,m,t |. Table 2 shows that the combined effects of the herding effect and the linear relationship between CSAD i,t and |R i,m,t | explain from 24.9% (SHA) to 29.9% (SZA) of the total variation in CSAD i,t . In addition, substituting the estimated coefficients for the SHA market (γ 1 = 0.564 and γ 2 = −0.053) into the quadratic relationship in Equation (8) indicates that CSAD t reaches a maximum when the following holds:
This outcome suggests that, during large price movements in market returns that exceed the threshold level |R i,m,t | * , the CSAD t increases at a decreasing rate, as in Figure 1 . The outcomes of the tests of Hypothesis 2 are consistent with the empirical results as reported in Ref. [12, 35] . A possible explanation for these findings is that institutional investors in the China and Taiwan stock markets may engage in positive feedback trading by buying additional shares when prices are rising, and selling them when the prices are falling [37, 38] . However, the empirical findings in this paper are different from those in Ref. [4, 24, 31, 34] , among others, who find that investors behave more homogeneously when stock markets are declining.
Breaking down the up and down markets, the up market states are bull markets that are characterized by optimism under a strong economy, with confident investors who expect stock prices to continue rising [39, 40] . On the other hand, down markets are bear markets that are characterized by falling prices and shrouded in pessimism. Bear markets typically occur before the economy starts to contract [15, 41] .
Testing Herding Behaviour during HIGH and LOW Trading Volume States (H3)
The third hypothesis conjectures that asymmetric herding exists in the China and Taiwan stock markets during high and low trading volume states. Table 4 reports the empirical results in testing the third hypothesis. According to the definitions in Equations (6) and (7) The results in Table 4 show that the estimated coefficient, 2
TV HIGH − γ
, is negative and statistically significant for all the markets, except for SZA. In addition to the negative and statistically significant estimated coefficient, γ 2 , the sizes of the coefficient capture the magnitudes of the herding behaviour in each market [34] . As the largest value of the estimated coefficient, γ 2 , is found in the TAIEX market (as measured at −0.072), while the smallest value lies in the SZA market (as measured at −0.035), the estimated coefficients show that herding behaviour is greater in the TAIEX market than in the emerging markets in China.
Testing Herding Behaviour in Up and Down Markets (H2)
The second hypothesis tests whether herding is asymmetric in the stock markets in China and Taiwan when they rise and fall. Table 3 reports the outcomes in testing the second hypothesis. According to the models in Equations (4) and (5), the negative and statistically significant estimated coefficients, γ UP 2 and γ DOW N 2 , respectively, indicate that there is herding behaviour due to the up and down markets. If the magnitudes of γ UP 2 and γ DOW N 2 are different, then the additional herding behaviours due to the up and down markets are different, thereby showing that herding behaviour is asymmetric in both up and down markets. (4) and (5): Table 3 shows that the estimated coefficient, γ UP 2 , is negative and statistically significant in all markets at the 1% level, thereby implying that there is herding behaviour due to the up markets in all cases that have been considered. However, the coefficient, γ DOWN 2 , is negative and statistically significant at the 1% level only for SHB, SZB, and TAIEX, significant at the 5% level for SHA, and not significant for SZA. These results suggest that there is herding behaviour due to the down markets for SHB, SZB, TAIEX, and SHA, but not for SZA. It follows that Hypothesis 2 is rejected only for the SZA market.
For SZA, as the estimated coefficient γ UP 2 is significant, while the estimated coefficient γ DOW N 2 is not significant, it follows that herding behaviour is asymmetric in the up and down markets, respectively. In addition, for SHB, SZB, TAIEX, and SHA, as both the estimated coefficients, γ UP 2 and γ DOW N 2 , are significant, but of different magnitudes, the herding behaviour is asymmetric in the up and down markets. Therefore, Hypothesis 2 is supported empirically for the SHB, SZB, TAIEX, and SHA markets.
The outcomes of the tests of Hypothesis 2 are consistent with the empirical results as reported in Ref. [12, 35] . A possible explanation for these findings is that institutional investors in the China and Taiwan stock markets may engage in positive feedback trading by buying additional shares when prices are rising, and selling them when the prices are falling [37, 38] . However, the empirical findings in this paper are different from those in Ref. [4, 24, 31, 34] , among others, who find that investors behave more homogeneously when stock markets are declining.
Testing Herding Behaviour during HIGH and LOW Trading Volume States (H3)
The third hypothesis conjectures that asymmetric herding exists in the China and Taiwan stock markets during high and low trading volume states. Table 4 reports the empirical results in testing the third hypothesis. According to the definitions in Equations (6) and (7), negative and statistically significant estimated coefficients, γ , indicate herding behaviour in the high and low trading volume states, respectively.
The results in Table 4 show that the estimated coefficient, γ
, is negative and statistically significant for all the markets, except for SZA.
On the other hand, the estimated coefficient, γ
, is negative and significant in all markets at the 1% level, thereby implying that there is a strong indication of herding in all markets during the low trading states. For SZA, as the estimated coefficient, γ
, is negative, but not significant, while the estimated coefficient, γ
, is significantly negative, it follows that herding behaviour is asymmetric in the up and down markets, respectively.
In short, the empirical findings strongly suggest that there is evidence of herding in sample markets when the trading volume is either high or low. Nonetheless, herding is greater when the trading volume is low than when it is high. A possible explanation is that, during low trading volume states, less trading happens, and thus share returns become naturally more homogenous and correlated, which can lead to ineffective herding behaviour.
Ref. [12, 24] find that herding is greater when the trading volume is high. It is worth noting that the empirical results in this paper find that herding behaviour is greater when the trading volume is high. However, it is also found that herding is even greater when the trading volume is low, which is also in line with the findings of Ref. [28] .
This paper also examines Hypothesis 3 with moving averages of 7 and 90 days. The empirical results show that the 7-day and 90-day moving averages are consistent with the use of 30-day moving averages. In summary, the empirical results provide very strong evidence in favour of Hypothesis 3. (6) and (7) 
Concluding Remarks
As it has been argued in the literature that markets with a Confucian background are more likely to exhibit herding behaviour, this paper examined the stock markets in China and Taiwan through empirical analysis. There was overwhelming evidence of herding behaviour from the full sample markets. The three hypotheses were tested against empirical evidence, and were all supported by the data.
In respect to the first hypothesis, there was significant herding from all markets, regardless of whether they were emerging or frontier markets.
In addition to testing the second and third hypotheses, it was found that herding is greater in up markets than in down markets, and was also greater during low trading volume states than during high trading volumes. The up markets are positive and profitable for investors, and are key features of bull markets. During a bull market, investors are more optimistic with regards to trading.
However, this does not mean that investors make decisions entirely on they own. When investors are overly optimistic, they exhibit risky behaviour by making risky investment decisions, such as buying too many stocks, based either on their own decisions or by following other traders [40] . Therefore, bull markets might be creating a foundation for possible herding behaviour.
Moreover, previous research has suggested that one of the indicators of down markets is a reduction in trading volume, which follows uncertainty among investors. Investors perceive falls in trading volume with an understandable fear that the market might also fall. Consequently, investors are more likely to convert shares into fast cash [39, 42] .
Therefore, this sentiment makes the fear among investors contagious, thereby leading to the formation of herding. On the other hand, in bear markets, markets cool down and less trading happens, and thus stock returns become less diverse and more correlated, which may lead to ineffective herding behaviour.
In general, this paper detected overwhelming herding from the entire sample markets. For this reason, all three hypotheses were supported strongly by the data. This paper analysed the stock markets of China and Taiwan empirically based on 15 years of daily observations, which offers another contribution to the literature on herding. Although the sample period finishes in 2014, the data are more than sufficient to test the three hypotheses relating to the stock markets in China and Taiwan, both of which have Confucian cultures.
Although the stock market in Taiwan is relatively developed compared to the markets in China, it still displayed strong herding behaviour. Therefore, further research is necessary to examine herding behaviour beyond the maturity of market settings. Moreover, the authors of this paper intend to include non-Confucian markets as a control group in future research to ascertain if herding behaviour is found in Confucian and non-Confucian countries. 
